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A PROPOSED S C H M  FOR GEOZ,OGIG  DESCRIPTION^^ 

John  W. M'Gonigle, David S c h l e i c h e r ,  and Ivo  Lucchi t ta .  

ABSTRACT 

The u s u a l  aim of d e s c r i b i n g  a n  o b j e c t  is  t o  convey a  menta l  
image of t h a t  o b j e c t  t o  some audience .  Many g e o l o g i c  f i e l d  de- 
s c r i p t i o n s  f a i l  t o  do t h i s ,  because  they  a r e  mnemonic n o t e s ,  un- 
d e r s t a n d a b l e  o n l y  t o  t h e  pe r son  who made them. Such f i e l d  de- 
s c r i p t i o n s  may be  adequa te  f o r  t e r r e s t r i a l  work, b u t  they  a r e  
unaccep tab le  a s  l u n a r  g e o l o g i c  d e s c r i p t i o n s ,  which must be  imrne- 
d i a t e l y  a s s i m i l a t e d  by a  d a t a  c e n t e r  on e a r t h .  I n  o r d e r  t o  be 
r e a d i l y  i n t e l l i g i b l e ,  l u n a r  d e s c r i p t i o n s  must be s y s t e m a t i c .  At  
t h e  same t ime ,  t h e  d i f f i c u l t  l o g i s t i c s  of l u n a r  e x p l o r a t i o n  de- 
mand t h a t  a  sys tem of d e s c r i p t i o n  b e  l o g i c a l ,  f l e x i b l e ,  and e a s y  
t o  remember. 

D e s c r i p t i o n  can  proceed i n  two s t e p s  : 1) a n a l y z i n g  the  ob- 
j e c t  under  examina t ion  i n t o  a  h i e r a r c h i a l  a r r a y  of  p a r t s ,  and 2) 
d i s c u s s i n g  t h e  p r o p e r t i e s  of  each p a r t ,  a s  i t  is  cons ide red  more 
f u l l y .  P r o p e r t i e s  of g e o l o g i c  f e a t u r e s  may b e  grouped i n t o  f o u r  
c l a s s e s :  o p t i c a l ,  mechanical ,  g e o m e t r i c a l ,  and s t r u c t u r a l .  De- 
pending upon t h e  type of f e a t u r e  and t h e  scope of t h e  d e s c r i p t i o n ,  
in fo rmat ion  from some o r  a l l  of  t h e  c l a s s e s  would be  inc luded .  

Rout ine  a p p l i c a t i o n  of  t h e  scheme can  be l e a r n e d  by p r a c t i c -  
ing  d e s c r i p t i o n  of common o b j e c t s ;  a p p l i c a t i o n  s p e c i f i c a l l y  t o  
g e o l o g i c  d e s c r i p t i o n s  can  be p r a c t i c e d  on f i e l d  t r i p s  and by 
working w i t h  photographs  of  g e o l o g i c  f e a t u r e s ,  a s  w e l l  as b u i l d -  
ing  s t o n e ,  t h i n  s e c t i o n s ,  and s o i l  and rock excava t ions .  

General  recommendations f o r  l u n a r  t r a v e r s e  p rocedures  and 
f o r  d e s c r i p t i o n  of g e o l o g i c  f e a t u r e s  emphasize t h e  need f o r  a 
s y s t e m a t i c  approach.  

INTRODUCTION 

This  r e p o r t  c o n s i d e r s  t h e  p rocess  of d e s c r i p t i o n  and t h e  

problems t h a t  a r i s e  when d e s c r i p t i o n s  a r e  made under d i f f i c u l t  

c o n d i t i o n s ,  such a s  those  of l u n a r  e x p l o r a t i o n .  We p r e s e n t  bo th  

a  t h e o r e t i c a l  approach and p r a c t i c a l  s u g g e s t i o n s  t h a t  should  l ead  

t o  more comprehensible  and complete g e o l o g i c  d e s c r i p t i o n s .  

9: This  r e p o r t  i s  a n  outgrowth of work funded by t h e  N a t i o n a l  Aer- 
o n a u t i c s  and Space A d m i n i s t r a t i o n ,  C o n t r a c t  T66353G, toward t h e  
development of procedures  f o r  l u n a r  e x p l o r a t i o n ,  



Although we have cor l fer red w i t h  several. eg-iLLeagues and con- 

s u l t e d  many r e f e r e n c e s ,  we must j o i n t l y  and e q u a l l y  accept r e -  

s p o n s i b i l i t y  f o r  what i s  p r e s e n t e d  i n  this p a p e r ,  which r e p r e s e n t s  

our  i n t e r p r e t a t i o n  of what c o n s t i t u t e s  good p r a c t i c e  i n  v e r b a l  

g e o l o g i c  d e s c r i p t i o n .  

Many of  t h e  i d e a s  and s u g g e s t i o n s  a r e  no t  new, and indeed 

have been a p p l i e d  by s c i e n t i s t s  and w r i t e r s  f o r  a  long t ime,  b u t ,  

t o  o u r  knowledge, have n o t  p r e v i o u s l y  been s e t  f o r t h  e x p l i c i t l y  

f o r  t h e  b e n e f i t  of t h e  a s t r o n a u t - g e o l o g i s t ,  

During t h e  p a s t  few y e a r s  t h e  U.S. Geo log ica l  Survey has  

s i m u l a t e d  l u n a r  t r a v e r s e s  i n  o r d e r  t o  l e a r n  how t o  g a t h e r  and 

p rocess  g e o l o g i c  i n f o r m a t i o n  d u r i n g  l u n a r  miss ions .  T e s t  sub- 

j e c t s  i n  t h e  f i e l d  have rad ioed  t h e i r  o b s e r v a t i o n s  t o  a d a t a  cen- 

t e r  f o r  immediate a n a l y s i s .  These s i m u l a t i o n s  have p o i n t e d  up 

t h e  need f o r  d e t a i l e d  s t u d y  of  t echn iques  f o r  d e s c r i b i n g ,  t r a n s -  

m i t t  i n g ,  and r e c o r d i n g  d a t a  when r a d i o s  a r e  used. Accordingly ,  

a  f i e l d  t e s t  was he ld  i n  s o u t h e a s t  Nevada i n  A p r i l  1967 a f  t e r  

p r e p a r a t i o n  and f i e l d  t r i a l  of s e v e r a l  k inds  of d e s c r i p t i o n  

gu ides  and. r e c o r d i n g  forms ( L u c c h i t t a  and o t h e r s ,  1969, 1969a,  

b) .  The c o n d i t i o n s  under which t h e  f i e l d  man o p e r a t e d  were 

analogous  t o  those  proposed f o r  Apol lo  miss ions  i n  t h a t :  ( a )  

p r i o r  s t u d y  of t h e  f i e l d  a r e a  was r e s t r i c t e d  t o  a e r i a l  photo- 

g raphs ,  (b )  the  f i e l d  man gave h i s  l o c a t i o n  p r i m a r i l y  by g r i d  

c o o r d i n a t e s  on a  pho togeo log ic  map, and ( c )  r a t h e r  than  t a k i n g  

n o t e s  h i m s e l f ,  he rad ioed  a l l  h i s  o b s e r v a t i o n s  t o  t h e  d a t a  cen- 

t e r .  

Many of the  p r a c t i c a l  recommendations p resen ted  h e r e  a r e  

based on t h i s  t e s t ,  b u t  a l s o  inc lude  f i n d i n g s  from o t h e r  e x e r -  

c i s e s .  The main emphasis of t h i s  paper  i s  on g e o l o g i c  d e s c r i p -  

t i o n  dnd communication, which concern  t h e  a s t r o n a u t  more d i r e c t l y  

than  does  d a t a  r ecord ing ,  



THE PROBLEfPii OF GEOLOGIC DESCRIPTION 

In this paper  we are assuming t h a t  the a i m  of d e s c r i b i n g  a 

g e o l o g i c  o b j e c t  is  t o  convey t o  t h e  l i s tener  o r  reader a  men ta l  

image--and s o  a n  unders tanding--of  t h e  o b j e c t  b e i n g  d e s c r i b e d ,  

by e x p l a i n i n g  what i t  i s  made of and how i t s  component p a r t s  a r e  

p u t  t o g e t h e r .  

Nature  of Geologic  Data  

At tempts  t o  communicate g e o l o g i c  i n f o r m a t i o n  by r a d i o  have 

emphasized t h a t  some d a t a  a r e  r a t h e r  e a s y  t o  convey i n  words 

whi le  o t h e r s  a r e  not .  I n  g e n e r a l ,  t h e  e a s i l y  conveyed ("verbal")  

d a t a  a r e  those  f o r  which t h e r e  e x i s t  w e l l - d e f i n e d  and c l e a r l y  

l a b e l e d  c o n c e p t u a l  models t h a t  a r e  u n i v e r s a l l y  unders tood.  The 

term "subrounded," f o r  example, a p p l i e s  t o  a  r easonab ly  w e l l -  

d e f i n e d ,  though g e n e r a l i z e d ,  geomet r i c  form. S i m i l a r l y ,  "gran- 

i t e  g n e i s s "  i d e n t i f i e s  t h e  concep tua l  model f o r  a type of  rock  

w i t h  c e r t a i n  wide ly  accep ted  a t t r i b u t e s .  Any model--geologic o r  

o t h e r w i s e - - i s  a n  i d e a l i z a t i o n  t h a t  conveys a  c e r t a i n  amount of 

in£  ormat ion.  

A model r a r e l y  d e p i c t s  a  s p e c i f i c  o b j e c t  p r e c i s e l y ,  b u t  i t  

may convey a n  adequate  unders tand ing  of t h e  o b j e c t  i f  enough 

terms and m o d i f i e r s  a r e  used. Word models a r e  commonly inade- 

q u a t e  and t o o  cumbersome t o  d e p i c t  t h e  d e t a i l s  of complex geo- 

m e t r i c  r e l a t i o n s ,  e s p e c i a l l y  s i n c e  t h e s e  d e t a i l s  a r e  unique t o  

each o b j e c t  o r  l o c a l i t y .  Graphic models convey t h i s  s o r t  of i n -  

fo rmat ion  much more e f f i c i e n t l y .  Thus,  a l though  " fo ld"  s u g g e s t s  

a  g e n e r a l  geomet r i c  model, and "assymmetr ica l  a n t i c l i n e "  a  more 

r e f i n e d  model, a  s p e c i f i c  asymmetr ica l  a n t i c l i n e  can be  a c c u r a t e -  

l y  p o r t r a y e d  o n l y  by a  map, c r o s s  s e c t i o n ,  o r  photograph.  Pho- 

tography w i l l  p robab ly  be t h e  b e s t  means of  d e p i c t i n g  l u n a r  geo- 

m e t r i c  d a t a .  

The f o l l o w i n g  pages c o n c e n t r a t e  on t h e  problem of  conveying 

a n  adequa te  menta l  image by means of "verbal"  d d t a ,  



Approacl-~es t o  Geologic Descr Fpt i o n  

The c o n v e n t i o n a l  f i e l d  g e o l o g i s t  makes observa t ions  and re- 

cords  d a t a  he c o n s i d e r s  p e r t i n e n t  i n  a notebook o r  on a map, 

S i n c e  t h e s e  f i e l d  r e c o r d s  a r e  commonly meant f o r  h i s  u s e  a l o n e ,  

they  tend t o  be c r y p t i c  b u t  n e v e r t h e l e s s  adequa te ,  because  t h e  

g e o l o g i s t  commonly need n o t  communicate h i s  r e s u l t s  t o  o t h e r s  

u n t i l  a f t e r  he has  o rgan ized  and s t u d i e d  t h e  f i e l d  d a t a ,  and 

because  he g e n e r a l l y  has  enough t ime t o  r e c t i f y  i n c o r r e c t  o r  in -  

complete o b s e r v a t i o n s  b e f o r e  he p r e s e n t s  t h e  r e s u l t s .  

Lunar g e o l o g i c  work w i l l  be q u i t e  d i f f e r e n t .  Because of  

s e v e r e  t ime and m o b i l i t y  r e s t r i c t i o n s ,  bo th  e x p l o r a t i o n  and d a t a  

hand l ing  must b e  a s  e f f i c i e n t  a s  p o s s i b l e .  

E x p l o r a t i o n  can be e f f i c i e n t  o n l y  i f  t h e  a s t r o n a u t  c a n  s e -  

l e c t  d a t a  c r i t i c a l l y .  To do t h i s  he must know what g e o l o g i c  

problems should  be so lved  and what o b s e r v a t i o n s  must be made t o  

s o l v e  them. 

E f f i c i e n c y  i n  d a t a  h a n d l i n g  presupposes  immediate and t h o r -  

ough o r g a n i z a t i o n  of t h e  f i e l d  d a t a .  The p rocedures  b e i n g  de- 

ve loped  f o r  Apol lo  l u n a r  e x p l o r a t i o n  c a l l  f o r  c o l l a b o r a t i o n  be- 

tween a s t r o n a u t s - - t h e  f i r s t - h a n d  observers- -and a n  e a r t h - b a s e d  

f a c i l i t y  which w i l l  r ecord  i n f o r m a t i o n ,  check i t s  c l a r i t y  and 

completeness ,  answer q u e s t i o n s ,  and perhaps  s u g g e s t  t r a v e r s e  

changes. Data w i l l  be  communicated a s  they a r e  ga the red .  I f  

they  a r e  t o  be s t u d i e d  prompt ly  enough t o  improve t h e  t r a p v e r s e ,  

they  must be unders tandab le  a s  soon a s  they a r e  r e c e i v e d ;  t o  be  

r e a d i l y  u n d e r s t a n d a b l e ,  they  must be p resen ted  s y s t e m a t i c a l l y .  

C h e c k l i s t s  o r  f low c h a r t s  o f t e n  r e s u l t  i n  r i g i d  s y s t e m a t i -  

z a t i o n ,  and a r e  hard t o  memorize, s low t o  a p p l y ,  and o f t e n  n o t  

comprehensive enough f o r  t h e  v a r i e t y  and complexi ty  of g e o l o g i c  

d a t a ,  What i s  needed,  t h e n ,  i s  a  scheme of d e s c r i p t i o n  adequa te  

f o r  l u n a r  e x p l o r a t i o n  and Log ica l ,  Ebex ib ie ,  a.nd e a s i l y  remem- 

bered.  Such a scheme would l ead  n o t  o n l y  t o  more Log ica l  and 

more comprehensible d e s c r i p t i o r z ,  b u t  axso t o  more complete and. 



berLer organ ized  o b s e r v a t i o n ,  t h e r e b y  i n c r e a s i n g  t h e  e f f i c i ~ n c y  

of b o t h  d a t a  g a t h e r i n g  and d a t a  hand l ing ,  

I n  c o n t r a s t  t o  more o r d i n a r y  f i e l d  d e s c r i p t s o n ,  t h e  scheme 

p r e s e n t e d  h e r e  p l a c e s  g r e a t  emphasis on how t h e  o b j e c t  be ing  de- 

s c r i b e d  i s  broken down i n t o  p a r t s ,  and on how t h i s  breakdown is  

r e f l e c t e d  by t h e  o r g a n i z a t i o n  of t h e  v e r b a l  d e s c r i p t i o n ,  L ike  a  

good l e c t u r e ,  t h e  o r a l  d e s c r i p t i o n  should  p r e s e n t  n o t  o n l y  t h e  

d a t a  themse lves ,  b u t  a l s o  t h e  p l a n  a c c o r d i n g  t o  which they  a r e  

organized.  T i t l e s  and paragraphs  s e r v e  t o  show t h e  o r g a n i z a t i o n  

of w r i t t e n  d e s c r i p t i o n s ,  b u t  o r a l  d e s c r i p t i o n s  must r e l y  on 

c l e a r  s t a t e m e n t s  of each  change of s u b j e c t .  

The proposed scheme i s  a n  outgrowth of n a t u r a l  and common 

techn iques  of o r a l  d e s c r i p t i o n ,  and thus  is  r e l a t i v e l y  e a s y  t o  

u s e  and remember. Observers  commonly a n a l y z e  a n  o b j e c t  i n t o  

p a r t s ,  t h e n  a t t e m p t  t o  comprehend t h e  whole o b j e c t  i n  terms of 

a  model--or menta l  image--defined by t h e  names, p r o p e r t i e s ,  and 

r e l a t i o n s  of  t h e s e  p a r t s .  With u n f a m i l i a r  o b j e c t s  t h i s  p r o c e s s  

i s  slow and d e l i b e r a t e ;  w i t h  f a m i l i a r  o b j e c t s  i t  may be  s o  rap-  

id a s  t o  appear  i n s t a n t a n e o u s ,  i n  which c a s e  t h e  o b s e r v e r  quick-  

l y  a r r i v e s  a t  a  menta l  image o r  name t h a t  r e p r e s e n t s  t h e  o b j e c t .  

I n  e i t h e r  c a s e ,  t h e  p rocess  is  commonly t o o  haphazard t o  convey 

a n  adequa te  comprehension of t h e  o b j e c t  t o  a l i s t e n e r :  t h e  ob- 

s e r v e r  t e n d s  t o  make l o g i c a l  jumps t h a t  a r e  j u s t i f i e d  on t h e  

b a s i s  of h i s  knowledge o r  p rev ious  e x p e r i e n c e ,  b u t  which com- 

monly a r e  incomprehensible  t o  anyone e l s e .  Fur thermore ,  he 

t ends  t o  s h i f t  h i s  a t t e n t i o n  haphazardly  from one p a r t  of  t h e  

o b j e c t  t o  a n o t h e r ,  o f t e n  jumping s c a l e .  Th i s  i s  v e r y  confus-  

ing  t o  t h e  l i s t e n e r .  But t h e  b a s i c  p rocess  i s  e x c e l l e n t  when 

o rgan ized  b e t t e r ;  by be ing  f a m i l i a r  t o  bo th  a s t r o n a u t  and d a t a -  

r e c o r d i n g  team, i t  should  p rov ide  a  common ground f o r  adequa te  

d e s c r i p t i o n  and comprehens ion. 

A SCHEME FOR DESCRTPTlON 

The r e a s o n s  f o r  s e l e c t i n g  an o b j e c t  LO describe a re  beyond 

the scope of t h i s  pape?, Su4 ?ace an oh j e c ~  h a i  heen ~ e l e c t e d ,  



t h e  f i r s t  s t e p  i n  a description i s  to analyze the object i n t o  a 

h i e r a r c h y  of systems and components, and the second step is t o  

d i s c u s s  the  p r o p e r t i e s  of each sys tem a t  any level of t h e  h i e r -  

a r c h y  accord ing  t o  a d e f i n i t e  format.  

F i r s t  S t e p :  Analyzing t h e  Objec t  

The f i r s t  proposed s t e p  towards s y s t e m a t i c  d e s c r i p t i o n  i s  t o  

c o n s i d e r  each o b j e c t  a s  a sys tem made up of components. Each 

component can,  i n  t u r n ,  be  cons ide red  a second- leve l  sys tem made 

up of  o t h e r  components; t h e  p r o c e s s  can be cont inued t o  whatever  

l e v e l  of  a n a l y s i s  i s  d i c t a t e d  by t h e  aims of  t h e  d e s c r i p t i o n . *  

Th i s  procedure  b reaks  down ( "ana lyzes"  i n  t h e  s t r i c t e s t  sense )  

each o b j e c t  i n t o  a ranked o u t l i n e - - a  h ie ra rchy- -o f  p a r t s .  Each 

l e v e l  o f  t h e  h i e r a r c h y  g e n e r a l l y  i n c l u d e s  components of  abou t  

t h e  same s i z e ,  type ,  o r  complexi ty .  

Diagrammatical ly  t h e  breakdown is :  

Sys tem f i r s t  l e v e l  
I 

1 
Component Component 
(Sys  tem) (System) * 1 second l e v e l  

Component Component Component Component 

As a n  example, a rock  (sys tem) may comprise s e v e r a l  t y p e s  

of minera l s  (components). Each m i n e r a l  type  (system) i n  t h i s  

same rock c o n s i s t s  of  a number of chemical  compounds (compo- 

n e n t s ) .  As a n o t h e r  example, a c e r t a i n  house (system) h a s  f o u r  

w a l l s  and a roof a s  components. The f r o n t  w a l l  (sys tem) is  com- 

posed o f  a s o l i d  p o r t i o n  and openings (windows and d o o r s ) .  The 

s o l i d  p o r t i o n  (system) has  b r i c k s  and mortar  a s  i t s  components. 

The b r i c k s  (sys tem) a r e  of two kinds .  F i g u r e  1 shows t h e  h i e r -  

a r c h i c  s t r u c t u r e  of t h i s  a n a l y s i s ,  assuming t h a t  the  o b s e r v e r  

wished t o  pursue  i t  a s  f a r  a s  t h e  two k inds  of b r i c k s  i n  t h e  

f r o n t  w a l l .  

+: We have no t  used terms such as subcomponents and sub-subeom- 
poraents because they a r e  cunihersome and because .in prac t i ce  it 
I s  beqt to t h i n k  about each ii .vcl O F  a hierarchy separately, 



Ln p r e s e n t i n g  t he  a n a l y s i s ,  t h e  o b s e r v e r  should  i d e n t i f y  t h e  

components i n  a system, and ( b r i e f l y )  e x p l a i n  how t h e s e  components 

a r e  r e l a t e d  t o  one a n o t h e r  ( e . g . ,  " ~ e d  sandstone conformably over- 

l i e s  g ray  sandstone.") .*  The components a r e  u s u a l l y  i d e n t i f i e d  

on t h e  b a s i s  of some c h a r a c t e r i s t i c  p r o p e r t y  t h a t  b e s t  d i s t i n -  

gu i shes  them. Of ten  t h i s  w i l l  be a n  obvious p r o p e r t y ,  such a s  

c o l o r ,  wea ther ing  c h a r a c t e r i s t i c s ,  o r  p o s i t i o n .  F u r t h e r  d i s c u s -  

s i o n  of t h e  p r o p e r t i e s  of each component i s  d e f e r r e d  u n t i l  e a c h  

component, i n  t u r n ,  i s  t r e a t e d  a s  a  s e p a r a t e  system w i t h  i t s  own 

p r o p e r t i e s .  The s e l e c t i o n  of components depends on t h e  o b s e r v e r  

and on t h e  purpose of t h e  d e s c r i p t i o n ,  s i n c e  a g iven  system c a n  

commonly be d e s c r i b e d  i n  terms o f  v a r i o u s  combinations of com- 

ponents.  I n  a  sequence of red and g ray  rock  u n i t s  compris ing 

in te rbedded  sands tones  and s h a l e s ,  f o r  example, t h e  components 

could  be d e f i n e d  on t h e  b a s i s  of e i t h e r  c o l o r  o r  rock type. 

How f a r  a n  a n a l y s i s  is  c a r r i e d  depends on two f a c t o r s :  (I) 

The purpose  of t h e  d e s c r i p t i o n .  There is no p o i n t  i n  c a r e f u l l y  

d e s c r i b i n g  f e a t u r e s  t h a t  have no b e a r i n g  on t h e  problem posed. 

(2)  The van tage  p o i n t  of t h e  observer  i n  r e s p e c t  t o  t h e  o b j e c t  

be ing  desc r ibed .  From a  d i s t a n c e  of s e v e r a l  hundred y a r d s ,  f o r  

example, a n  observer  could s t a t e  t h a t  t h e r e  were a l l u v i a l  de- 

p o s i t s  a long  a s t ream v a l l e y  and g i v e  a p r e t t y  good account  of 

t h e  o v e r a l l  c o l o r  and geomorphic e x p r e s s i o n  of t h e  d e p o s i t s ;  b u t  

he could  do l i t t l e  more t h a n  guess  a t  t h e  s a n d : s i l t  r a t i o  of t h e  

d e p o s i t s .  

I n  summary, a n  observer  should  f i r s t  d e c i d e  how t o  b reak  

down a n  o b j e c t  i n t o  a h i e r a r c h i c  a r r a y  of cQmponents. He should 

then s t a t e  what t h e  d e s c r i p t i o n  w i l l  encompass o r  how f a r  he  

w i l l  c a r r y  h i s  a n a l y s i s  ( e . g . ,  "I w i l l  d e s c r i b e  t h e  ou tc rop  down 

t o  i n d i v i d u a l  beds. "). F i n a l l y ,  he should p r e s e n t  t h e  h i e r a r c h i c  

* "To e x h i b i t  the  s t r u c t u r e  of a n  o b j e c t  is  t o  mention i t s  p a r t s  
and t h e  ways i n  which they a r e  i n t e r r e l a t e d , "  ( R u s s e l l ,  1948, 
p. 250 , )  
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analysis, identifying compoeients and e x p l a l n t n g  how they a r e  re- 

l a t e d  to one ano ther .  

The h i e r a r c h i c  a n a l y s i s  of the  above-mentioned house f o l l o w s  

a s  a n  example. Note t h a t  a l though  t h e  components a r e  i d e n t i f i e d  

( " roof" ) ,  most of t h e  r e l a t i o n s  between them a r e  s t a t e d  on ly  i m -  

p l i c i t l y  ( " f r o n t  , " "sides") because of t h e  f a m i l i a r i t y  of t h e  

system = "house." 

I wish t o  p o i n t  o u t  t h e  unusua l  b r i c k  work i n  

t h e  f r o n t  w a l l  of house number three-seven-one- 

one on S tevens  S t r e e t .  The house has  a  roof 

and f o u r  w a l l s ;  t h e  back w a l l  o f  t h e  house is  

n o t  v i s i b l e  t o  me. The f r o n t  w a l l  has  open- 

i n g s ,  namely a door  and t h r e e  windows. The 

s o l i d  p o r t i o n  i s  made up of b r i c k s  and mor ta r ,  

e x c e p t  f o r  wooden frames around t h e  doorway 

and windows. There a r e  two k i n d s  of b r i c k s - -  

r e d  and yellow. 

Th is  a n a l y s i s  seems a r t i f i c i a l  w i t h  a n  o b j e c t  l i k e  a  house 

because t h e  components a r e  s o  f a m i l i a r :  they  need no i d e n t i f i -  

c a t i o n  beyond naming them ("roof") , and t h e i r  mutual r e l a t i o n s  

a r e  obvious.  But t h i s  k ind of a n a l y s i s  i s  a n  important  f i r s t  

s t e p  toward s y s t e m a t i c  d e s c r i p t i o n  of any l e s s  f a m i l i a r  o b j e c t ,  

because i t  forms a framework f o r  f u r t h e r  d i s c u s s i o n .  O u t l i n i n g  

t h e  h i e r a r c h i c  s t r u c t u r e  of a system b e f o r e  d i s c u s s i n g  t h e  sys-  

tem i n  d e t a i l  e n a b l e s  t h e  l i s t e n e r  t o  unders tand what compo- 

n e n t s  a r e  p r e s e n t  and how t h e s e  components a r e  r e l a t e d ,  and s o  

t o  v i s u a l i z e  t h e  system more r e a d i l y .  The a t t e n t i o n  of most 

o b s e r v e r s  a l t e r n a t e s  between l a r g e -  and s m a l l - s c a l e  f e a t u r e s  

when t h e y  f i r s t  s c a n  a  f i e l d  of view, b u t  r e p o r t i n g  observa- 

t i o n s  i n  t h i s  manner ( n o n - h i e r a r c h i c a l l y )  confuses  t h e  l i s t e n e r ,  

and r e s u l t s  i n  a  haphazard and incomplete t r ea tment  of t h e  sub- 

j e c t .  The method of h i e r a r c h i c  a n a l y s i s  i s  a p p l i c a b l e  n o t  on ly  

to l a r g e  o r  complex systems such a s  a whole field of view, but 

also to smaller or s i m p l e r  objects, such as a single block  of rock, 



Second Step :  Discuss ing  P r o p e r t i e s  

The second proposed s t e p  towards s y s t e m a t i c  d e s c r i p t i o n  i s  t o  

d i s c u s s  t h e  p r o p e r t i e s  of each system i n  the  h i e r a r c h y ,  u s i n g  t h e  

same g e n e r a l  c l a s s e s  of p r o p e r t i e s  a t  each l e v e l  of t h e  h e i r a r c h y .  

Most d e s c r i p t i o n s  inc lude  in format ion  t h a t  f a l l s  i n t o  s e v e r a l  gen- 

e r a l  c l a s s e s  of p r o p e r t i e s ,  such a s  shape ,  s i z e ,  p o s i t i o n ,  c o l o r ,  

t e x t u r e ,  and s t r u c t u r e .  (See Krynine,  1948, p. 132; and G r i f f i t h s ,  

1961, p. 488-489.) Each g e n e r a l  c l a s s  of p r o p e r t i e s  ( e .  g. , s i z e )  

embraces many s p e c i f i c  p r o p e r t i e s  (e .  g. , th ickness ) .  Such gener-  

a l  c l a s s e s  apply  t o  d e s c r i p t i o n  a t  a l l  s c a l e s ,  even though t h e  

s p e c i f i c  t e c h n i c a l  terms f o r  p r o p e r t i e s  i n  any one c l a s s  may n o t :  

For  example, t h e  s i z e  of a m i n e r a l  g r a i n  is  u s u a l l y  p r e s e n t e d  

d i f f e r e n t l y  from t h e  s i z e  of a n  outcrop.  S t i l l ,  t h e  g e n e r a l  

c l a s s e s  sugges t  a d e s c r i p t i o n  format  t h a t  can be a p p l i e d  a t  any 

s c a l e .  

As an  example, t h e  d e s c r i p t i o n  on page 9  might be con t inued  

a s  fo l lows  ( t h e  c l a s s e s  of p r o p e r t i e s  be ing  p resen ted  a r e  shown 

i n  sequence i n  t h e  margin): 

The house i s  l o c a t e d  on t h e  n o r t h  s i d e  
p o s i t  ion  

of t h e  e a s t - w e s t  t r e n d i n g  s t r e e t  and s e t  i n  

abou t  f o u r - z e r o  f e e t  from t h e  s t r e e t .  The 

shape 

s i z e  

house i s  s q u a r e ,  about  t h r e e - z e r o  f e e t  on a 

s i d e  and abou t  t h r e e - z e r o  f e e t  h igh  a t  t h e  

crown of t h e  roof .  The f r o n t ,  which i s  p a r -  
p o s i t  i o n  

a l l e l  t o  t h e  s t r e e t ,  is  one- f ive  f e e t  h i g h  
s i z e  
shape under  t h e  s i d e  eaves  and t h r e e - z e r o  f e e t  

h igh  i n  t h e  c e n t e r .  The door i s  i n  t h e  

p o s i t  i o n  c e n t e r  of t h e  w a l l ;  two of t h e  windows a r e  

on e i t h e r  s i d e  of t h e  door halfway towards 

p o s i t  i o n  t h e  s i d e s  of t h e  house,  and t h e  t h i r d  win- 

dow i s  on t h e  second f l o o r ,  c e n t e r e d  o v e r  

t h e  doorway, 

1 believe I mentioned t h a t  t h e  f r o n t  

i s  made up of two c o l o r s  oL brick and 



System: red b r i c k s  l i g h t - g r a y  mortar ,  The red b r i c k s  predom- 
-----a--- 

c o l o r  i n a t e  and a re  s m a l l e r ,  about  eight irlches 
s Fze 
shape 

long by f o u r  inches  wide. They a r e  l a i d  

p o s i t  i o n  up i n  t h e  c o n v e n t i o n a l  over lapp ing  f a s h i o n .  

Larger  yel low b r i c k s  abou t  e i g h t  inches  
c o l o r  square  a r e  s c a t t e r e d  a t  random i n  t h e  w a l l .  
s i z e  
shape From h e r e  t h e  ye l low b r i c k s  appear  g l a z e d ,  
p o s i t  i o n  s o  they  may b e t t e r  be c a l l e d  t i l e s .  

Although p r o p e r t i e s  can be d i s c u s s e d  whi le  t h e  h i e r a r c h y  i s  

be ing  o u t l i n e d ,  we do n o t  recommend do ing  so .  Many geo log ic  f e a -  

t u r e s  a r e  r a t h e r  l a r g e ,  s o  t h a t  w h i l e  t h e  v a r i o u s  p a r t s  of t h e  

f e a t u r e  can  b e s t  be o u t l i n e d  from a d i s t a n c e ,  d e t a i l e d  d a t a  on 

t h e  p r o p e r t i e s  (e. g. , composi t ion,  s i z e )  o f  many of t h e  p a r t s  can  

o n l y  be o b t a i n e d  upon c l o s e r  examinat ion of t h e  f e a t u r e .  Hence, 

s e p a r a t i n g  t h e  a n a l y s i s  from t h e  d i s c u s s i o n  of p r o p e r t i e s  coin-  

c i d e s  w i t h  a  l o g i s t i c  problem commonly encountered i n  f ie ldwork.  

More i m p o r t a n t l y ,  d e f i n i n g  t h e  h i e r a r c h i c  s t r u c t u r e  b e f o r e  any 

o t h e r  d e s c r i p t i o n  e n a b l e s  a r e c o r d e r  t o  s k e t c h  a n  o u t l i n e  of t h e  

d e s c r i p t i o n ,  and s o  t o  know what systems t h e  observer  w i l l  be 

d i s c u s s i n g  a t  l eng th .  The r e c o r d e r  can thus  check f o r  complete- 

ness  of t h e  subsequent  d e s c r i p t i o n .  S e p a r a t i n g  t h e  a n a l y s i s  from 

t h e  d i s c u s s  i o n  of p r o p e r t i e s  is  a d d i t i o n a l l y  h e l p f u l  because t h e  

observer  c o n c e n t r a t e s  on one a s p e c t  of o b s e r v a t i o n  and d e s c r i p -  

t i o n  a t  a  time. 

C l a s s e s  of P r o p e r t i e s  f o r  Geologic D e s c r i p t i o n  

The p r o p e r t i e s  mentioned i n  a  d i s u c s s i o n  of a geo log ic  sys-  

tem w i l l  u s u a l l y  f a l l  i n t o  f o u r  g e n e r a l  c l a s s e s  ( t a b l e  I ) .  These 

c l a s s e s  a r e  e a s y  t o  remember and hence u s e f u l ,  b u t  o t h e r s  may 

wish t o  group p r o p e r t i e s  i n t o  d i f f e r e n t  c l a s s e s ,  Which of t h e  

f o u r  c l a s s e s  a r e  used i n  any d e s c r i p t i o n  depends on t h e  type of 

o b j e c t  d e s c r i b e d  and on t h e  a i m  and scope of t h e  d e s c r i p t i o n .  A 

d e s c r i p t i o n  of a s t r a t i g r a p h i c  s e c t i o n ,  f o r  example, would proba.- 

b f y  inc lude  in format ion  i n  a l l  of t h e  c l a s s e s ;  a d e s c r i p t i o n  o f  



Table  I,-- " cuss  ion  o f  

Type 1, I d e n t i f i c a t i o n  of objec t  ( T h i s  may o f t e n  b e  a r e p e t i t i o n  
of t h e  i d e n t i f i c a t i o n  made when f e a t u r e  
was mentioned a s  a of a lar- 
g e r  system.) 

examples of i d e n t i f i c a t i o n :  
g e n e r a l  composi t ion (e .  g. , "gran i t i c" )  
type of o b j e c t  o r  name ( e . g . ,  "boulder;" "upper h a l f  o f  

t h e  a s h  bed") 

Type 2. P r o p e r t i e s  
Class A. 

examples of s p e c i f i c  p r o p e r t i e s :  c o l o r  l u s t e r  
a lbedo  s u r f a c e  t e x t u r e  

Class B. Mechanical p r o p e r t i e s  
examples of s p e c i f i c  p r o p e r t i e s  : 
s t r e k g t h  coherence geomorphic exposure 
r e s i s t a n c e  hardness  

C l a s s  C. Geometrical  p r o p e r t i e s  
1) s i ze -  shape 

examples of s p e c i f i c  p r o p e r t i e s :  
e x t e n t  d  imens i o n  i d  iomorphism s p h e r i c i t y  
thi-ckness 

2) o r i e n t a t i o n  
a n g u l a r i t y  t a b u l a r  it; 

examples of s p e c i f i c  p r o p e r t i e s :  
a t t i t u d e  d i r e c t i o n  p o s i t  ion 
t rend  l o c a t  ion  

C l a s s  D. 
1) i n t e r n a l  s t r u c t u r e s  ( p a r t  of t h e  makeup of o b j e c t )  

examples of s p e c i f i c  p r o p e r t i e s :  
f a b r i c  c leavage  f o l d s  f r a c t u r e s  
t e x t u r e  l a y e r i n g  j o i n t s  v e s i c l e  l a y e r s  

2) e x t e r n a l  s t r u c t u r e s  ( throughgoing;  i n c i d e n t a l  t o  t h e  
n a t u r e  of t h e  o b j e c t )  

examples of s p e c i f i c  p r o p e r t i e s :  
f o  ld  s j o i n t s  
f a u l t s  f r a c t u r e s  

Type 3 .  F i n a l  i d e n t i f i c a t i o n  of o b j e c t  ( f i n a l  op in ion ;  summation) 
examples of f i n a l  i d e n t i f i c a t i o n :  type of o b j e c t  

s p e c i f i c  composi t ion 
spec i f  i c  name 

Type 4. Contact  r e l a t i o n s  ( t o  o t h e r  f e a t u r e s  o r  o b j e c t s )  
examples of s p e c i f i c  r e l a t i o n s :  
con£ ormab l e  sedimentary  embedded 
i n t r u s  i v e  p a r a l l e l  slumped a g a i n s t  



fractures in a boulder, on the other hand, would very likely in- 

clude nothing on opt i ea l  p r o p e r t i e s ,  

Terms shown under each c l a s s  i n  t a b l e  1 exempli fy  s p e c i f i c  

p r o p e r t i e s  t h a t  might be d i s c u s s e d  depending on t h e  f e a t u r e  be ing  

examined and t h e  s c a l e  of obse rva t ion .  The c l a s s e s  a r e  in tended 

t o  be comprehensive; a lmost  a l l  s p e c i f i c  p r o p e r t i e s  w i l l  f a l l  in-  

t o  one o f  t h e s e  c l a s s e s .  The terms a n  o b s e r v e r  uses  t o  d e f i n e  

s p e c i f i c  p r o p e r t i e s  w i l l  depend on h i s  t r a i n i n g  and e x p e r i e n c e ,  

b u t  i f  he  s y s t e m a t i c a l l y  c o n s i d e r s  each of t h e s e  c l a s s e s  whi le  

d i s c u s s i n g  a system, h i s  d i s c u s s i o n  should be adequate.  

" I d e n t i f i c a t i o n  of o b j e c t "  appears  twice  i n  t a b l e  1 because 

a n  observer  might wish t o  l a b e l  a n  o b j e c t  twice  i n  t h e  course  of 

t h e  d e s c r i p t i o n :  a t  f i r s t  p r o v i s i o n a l l y ,  l a t e r  more s p e c i f i c a l l y .  

For example, he might i n i t i a l l y  i d e n t i f y  a rock  as "a medium- t o  

l i g h t - g r a y  v o l c a n i c  rock." Then, a f t e r  d e s c r i b i n g  i t s  o t h e r  

p r o p e r t i e s ,  he  may be a b l e  t o  make a more r e f i n e d  i d e n t i f i c a t i o n :  

"I t h i n k  i t  i s  probably  r h y o l i t e . "  Conversely ,  he might make 

a  s u f f i c i e n t l y  p r e c i s e  i d e n t i f i c a t i o n  r i g h t  o f f ,  such a s ,  "a 

dark-gray b a s a l t  f r agment , "  s o  t h a t  he would n o t  have t o  make 

a n o t h e r  " i d e n t i f i c a t i o n .  ' I  

The "Contact r e l a t i o n s "  of a n  o b j e c t  t o  o t h e r  o b j e c t s  should  

be d i s c u s s e d  as a  p a r t  of t h e  g e n e r a l  s e t t i n g ,  and t h e  "Contact 

r e l a t i o n s "  o f  one system t o  a n o t h e r  should be d i s c u s s e d  d u r i n g  

t h e  i n i t i a l  h i e r a r c h i c  a n a l y s i s .  However, t h i s  t o p i c  is purpose- 

l y  l i s t e d  i n  t a b l e  1 a s  a  reminder t o  ampl i fy  t h i s  type of i n f o r -  

mation when necessary .  

The geo log ic  d e s c r i p t i o n  below e x e m p l i f i e s  both  t h e  h i e r a r -  

c h i c  a n a l y s i s  and t h e  subsequent d i s c u s s i o n  by c l a s s e s  of proper-  

t i e s .  

I w i l l  b r i e f l y  d e s c r i b e  an  ou tc rop  c o n s i s t i n g  of 

two rock types:  an o v e r l y i n g  dark-gray  l a v a  f low,  

and a n  under ly ing  s e r i e s  of r ed  beds,  The r e d  beds 

can be f u r t h e r  broken down on t h e  basis of the l i t h o l -  

ogy and gesmorbhic resistance into sandstone and 



s i l t s t o n e  i n t e r b e d s ,  The sands tones  a r e  slightly more 

r e s i s t a n t  than  t h e  s i l t s  tones ,  

The ou tc rop  i t s e l f  i s  w e l l  exposed i n  a  c l i f f  

f a c e  abou t  one-two f e e t  h igh  and about  f i v e - z e r o  f e e t  

wide. The f a c e  t r e n d s  abou t  n o r t h  f i v e - z e r o  degrees  

e a s t .  It i s  t r a n s e c t e d  by a  normal f a u l t  d i p p i n g  

seven-zero  d e g r e e s  t o  t h e  n o r t h e a s t .  The n o r t h e a s t  

s i d e  has  been downdropped abou t  one f o o t .  

The l a v a  f low i s  a  uniform dark-gray  c o l o r  ex- 

c e p t  f o r  moderate brownish-gray s t a i n i n g  a long  f r a c -  

t u r e s .  It is geomorphical ly  r e s i s t a n t ,  and caps  t h e  

t h e  c l i f f  f ace .  The f low is  g e n e r a l l y  abou t  f o u r  

f e e t  t h i c k ,  b u t  o n l y  t h r e e  f e e t  t h i c k  on t h e  sou th -  

wes t  s i d e .  It e x t e n d s  a c r o s s  t h e  e n t i r e  outcrop.  

The f low i s  f l a t - l y i n g .  It has a  c rude  s u b h o r i z o n t a l  

f low banding t h a t  is  e s p e c i a l l y  prominent n e a r  t h e  

base .  There a r e  l a y e r s  of v e s i c l e s  n e a r  t h e  t o p  of 

t h e  f low t h a t  a r e  a l s o  s u b h o r i z o n t a l .  The f low i s  

i r r e g u l a r l y  f r a c t u r e d  i n t o  b locks  a  few f e e t  on a  

s i d e ,  t y p i c a l l y  t h r e e  t o  f o u r  f e e t .  It l i e s  on what 

is  a p p a r e n t l y  a  weathered s o i l  zone developed on t h e  

red  beds ,  which 1'11 d e s c r i b e  nex t .  

A s  a  whole, t h e  red  beds a r e  a  uniform moderate 

red-brown c o l o r .  They a r e  moderate ly  r e s i s t a n t  geo- 

morph ica l ly ,  l e s s  r e s i s t a n t  than  t h e  l a v a  f low and 

they  extend t h e  f u l l  wid th  of t h e  outcrop.  About 

e i g h t  f e e t  of  s e c t i o n  is  exposed. The bedding is  

uniform,  v e r y  n e a r l y  h o r i z o n t a l ,  d i p p i n g  perhaps  a  

few degrees  t o  t h e  n o r t h .  The beds a r e  c l e a n l y  

j o i n t e d  by two s e t s  of j o i n t s .  The f i r s t  s e t ,  t h e  

b e t t e r  developed s e t ,  t r e n d s  p a r a i l e l  t o  the  c l i f f  

f ace .  Consequent ly ,  I c a n ' t  de te rmine  t h e  j o i n t  

spacing.  The second s e t  t r e n d s  nor thwest ,  The 

j o i n t s  a re  spaced a t  about  one f o o t  i n t e r v a l s ,  



A s  f o r  t h e  two t y p e s  of i n t e r b e d s  w i t h i n  the  red 

beds ,  t h e  sandstone i n t e r b e d s  a r e  n o t  d i s t i n g u i s h e d  by 

c o l o r ,  b u t  on ly  by g r a i n  s i z e  and by t h e i r  moderate 

geomorphic r e s i s t a n c e .  They form ledges  t h a t  c o n t s a s  t 

w i t h  t h e  r e e n t r a n t s  formed by t h e  s i l t s t o n e s .  The 

sands  tone beds a r e  t y p i c a l l y  abou t  one f o o t  t h i c k ,  

a l though  t h e  th ickness  of one more massive bed ranges  

from about  s i x  inches  t o  one and one h a l f  f e e t .  Th i s  

t h i c k e s t  bed has graded bedding rang ing  i n  g r a i n  s i z e  

from c o a r s e  sand a t  t h e  bottom t o  medium sand a t  t h e  

top. 

The s i l t s t o n e  l a y e r s  range from about  t h r e e  t o  

abou t  t e n  inches  t h i c k ;  t h e  average  i s  about  f i v e  

inches .  The f i n e  g r a i n  s i z e  of t h e  s i l t s t o n e  i n t e r -  

beds p r e c l u d e s  a d d i t i o n a l  d e s c r i p t i o n .  T h a t ' s  a l l  

f o r  t h i s  outcrop.  

PRACTICE I N  DESCRIPTION 

The scheme of d e s c r i p t i o n  p resen ted  h e r e  i s  in tended a s  a  

f o r m a l i z a t i o n  of everyday d e s c r i p t i v e  techniques .  P r a c t i c e  is  

needed t o  develop p r o f i c i e n c y  i n  a p p l y i n g  it. This  p r a c t i c e  

should be  d i v i d e d  i n t o  two p a r t s :  t h e  f i r s t ,  t o  become f a m i l i a r  

w i t h  h i e r a r c h i c  a n a l y s i s  (how t o  a n a l y z e  a n  o b j e c t  i n t o  systems 

and components); t h e  second, t o  l e a r n  how t o  use  g e n e r a l  c l a s s e s  

of p r o p e r t i e s  a s  a  format  i n  d i s c u s s i n g  each  system. 

The e a s i e s t  way t o  become f a m i l i a r  w i t h  t h e  scheme i s  t o  

app ly  i t  t o  common o b j e c t s .  Most people  do t h i s  every  day t o  

some e x t e n t :  e x p l a i n i n g  t o  a person  over  t h e  te lephone how t o  

reach an  o f f i c e  and g e t  some o b j e c t  from a  p a r t i c u l a r  desk  

drawer c e r t a i n l y  employs t h e  p r i n c i p l e s  of t h e  scheme. The 

purpose of p r a c t i c e  wi th  common o b j e c t s  is  t o  develop t h i s  

method of  t h i n k i n g  s o  t h a t  i t  w i l l  be au tomat ic ,  even under t h e  

s t r e s s  of l u n a r  e x p l o r a t i o n ,  

Although t h e  g e n e r a l  types  of in format ion  u s u a l l y  needed t o  

complete a geo log ic  d e s c r i p t i o n  can r e a d i l y  be remembered by t h e  



words "" ident i f ica t ion,  o p t i c a l ,  mechanical ,  g e o m e t r i c a l ,  s t s u c -  

t u r a l ,  and c o n t a c t , "  a l i t t l e  p r a c t i c e  is needed t o  l e a r n  t o  use 

t h i s  l i s t i n g  a s  a format  i n  d e s c r i p t i o n ,  and e s p e c i a l l y  t o  remem- 

b e r  what s p e c i f i c  p r o p e r t i e s  should be cons idered  under each 

c l a s s .  P r a c t i c e  i n  a p p l i c a t i o n  is  b e s t  done i n  t h e  f i e l d ,  b u t  

f i e l d  t r i p s  can be hard t o  come by. Much p r a c t i c e  i n  d e s c r i p -  

t i o n  can ,  n e v e r t h e l e s s ,  be gained by working w i t h  photographs o f  

g e o l o g i c  f e a t u r e s ,  rock  specimens,  b u i l d i n g  s t o n e s ,  t h i n  s e c t i o n s ,  

s o i l  and rock  e x c a v a t i o n s ,  and t h e  l i k e .  

A few t r i a l s  of t h e  scheme w i t h  everday o b j e c t s  should make 

two p o i n t s  c l e a r :  1) The use  of s p e c i f i c  names o r  terms pro- 

v i d e s  a s h o r t c u t  t o  d e s c r i p t i o n  and impl ies  t h a t  t h e  o b s e r v e r  

has  seen  c e r t a i n  d i a g n o s t i c  c r i t e r i a  t h a t  he need n o t  belabor .*  

Words l i k e  " d r a f t i n g  t a b l e ,  " "desk, " "blackboard,  " " b a s a l t ,  I '  and 

" e j e c t a "  a r e  such terms. Conversely ,  t h e  word "weak" is  n o t  a s  

in fo rmat ive  a s  " f r i a b l e "  o r  " b r i t t l e .  " I f  t h e  observer  i s  sat- 

i s f i e d  t h a t  enough c r i t e r i a  a r e  p r e s e n t  t o  j u s t i f y  t h e  use  of a 

s p e c i f i c  or t e c h n i c a l  term, t h e n  he should use  it. 2) Posing 

a problem f o r  s o l u t i o n  g i v e s  a purpose and d i r e c t i o n  t o  t h e  de- 

s c r i p t i o n .  A pe rson  can spend hours  d e s c r i b i n g  a room w i t h o u t  

knowing when t o  s top .  I f ,  however, he i s  t r y i n g  t o  a s c e r t a i n  

t h e  f u n c t i o n  of t h e  room, he w i l l  focus  on c e r t a i n  a s p e c t s .  

RECOMMENDATIONS 

General  Procedures  f o r  Lunar Traverses  

Before  beginning a l u n a r  t r a v e r s e ,  t h e  a s t r o n a u t s  should  

summarize f e a s i b l e  o b j e c t i v e s ,  which they w i l l  probably  have s e -  

l e c t e d  by comparing t h e  view through t h e  LM windows w i t h  t h e  pho- 

togeo log ic  maps and geo log ic  check l i s t s  from t h e  d a t a  package. 

On a t r a v e r s e ,  t h e  fo l lowing  procedures  a r e  a d v i s a b l e :  

1. T i e  a 1 1  in format ion  t o  t r a v e r s e  s t a t i o n s  excep t  f o r  i n t e r -  

p r e t a t i o n ,  g e n e r a l i z a t i o n ,  and s y n t h e s i s  n o t  r e s t r i c t e d  t o  a 

5- t I ... n o t  only  can o b j e c t s  be d i r e c t l y  and unambiguously r e f e r r e d  
t o  by names, b u t  they can be unambiguously, even though i n d i r e c t l y ,  
r e f e r r e d  t o  by a d e s c r i p t i o n  i n  terms of t h e i r  p r o p e r t i e s  and re-  
lations t o  ocher  o b j e c t s , "  (Fritz, 19152, p, 4 8 , )  



s p e c i f i c  l o e a t  ion,  

2 ,  T e l l  when a s t a t i o n  is reached and g i v e  Locat ion,  o r  s t a t e  

how t h i s  s t a t i o n  can be l o c a t e d ,  

3 .  Give reasons  f o r  s topp ing  b e f o r e  beg inn ing  d e t a i l e d  d e s c r i p -  

t i o n ,  e. g. : 

a) S t a t i o n  was s e l e c t e d  from t h e  LM b e f o r e  t h e  t r a v e r s e - - a  

photogeologic  problem a r e a .  

b) S t a t i o n  r e p r e s e n t s  a  d e v i a t i o n  from t h e  planned t r a v e r s e - -  

a  good s p o t  f o r  work t h a t  could  n o t  be picked ahead o f  

t ime . 
The reasons  should a l s o  , s t a t e  what geo log ic  d a t a  from t h e  

s t a t i o n  b e a r  on o b j e c t i v e s  of t h e  t r a v e r s e .  

4. S t a t e  what should  be v i s i b l e  i n  photographs taken a t  t h e  

s t a t i o n .  Th is  speeds d e s c r i p t i o n s ,  a n n o t a t e s  t h e  photo- 

g raphs ,  and p rov ides  a  h e l p f u l  summary of obse rva t ions .  

Only a  c u r s o r y  d i s c u s s i o n  of s i z e s ,  shapes ,  c o n t a c t  r e l a -  

t i o n s h i p s ,  and d i s t a n c e s  need be  made i f  a  f e a t u r e  is  w e l l  

photographed. But be s u r e  t o  mention r e l a t i o n s  t h a t  the  

photograph c a n ' t  show: e. g. , "This is  a  b lock  i n  

t h e  d a r k  e j e c t a .  I t  

5. S t a t e  reasons  f o r  t a k i n g  any p a r t i c u l a r  sample o r  s e t  of 

samples--what should t h e  samples show? 

6. Summaries may be h e l p f u l  from t i m e  t o  t ime t o  h e l p  p l a c e  

d a t a  i n  c o n t e x t ,  e s t a b l i s h  t h e i r  o r d e r  of importance,  and 

check f o r  e r r o r s .  

7. B r i e f l y  s t a t e  ideas  and hypotheses t h a t  might h e l p  docu- 

ment t h e  thought p rocesses  t h a t  accompanied t h e  observa-  

t i o n s .  Th i s  may prove v a l u a b l e  l a t e r ,  e s p e c i a l l y  d u r i n g  

d e b r i e f i n g .  

8. S t a t e  p l a n s  and reasons  f o r  t h e  n e x t  s t o p .  This  p r e p a r e s  

t h e  d a t a  c e n t e r  and h e l p s  b r i n g  t o  mind a g a i n  the  o v e r a l l  

o b j e c t i v e s  of t h e  t r a v e r s e ,  



D e s c r i p t i o n  of Geologic F e a t u r e s  

It  is suggested t h a t  geo log ic  f e a t u r e s  h e  d e s c r i b e d  i n  t h e  

fo l lowing  way: 

1. B r i e f l y  e x p l a i n  how d e t a i l e d  t h e  d e s c r i p t i o n  w i l l  be. Th i s  

h e l p s  a  r e c o r d e r  p r e p a r e  f o r  what i s  coming. 

2. S p e c i f y  t h e  systems and components you w i l l  u s e  t o  d e s c r i b e  

t h e  o b j e c t .  Th i s  o u t l i n e s  t h e  d i s c u s s i o n  t o  f o l l o w  and e s -  

t a b l i s h e s  t h e  geo log ic  c o n t e x t  i n  terms of which more de- 

t a i l e d  in format ion  can be understood. 

3. Discuss  systems i n  t h e  o r d e r  i n  which they were p resen ted  i n  

t h e  a n a l y s i s .  

The f o l l o w i n g  are more g e n e r a l  sugges t ions :  

1. Whenever p o s s i b l e ,  d e s c r i b e  o b j e c t s  by comparison w i t h  f a m i l -  

iar o b j e c t s  o r  w i t h  o b j e c t s  t h a t  were d e s c r i b e d  p rev ious ly .  

2. Mention d i s t i n c t i v e ,  c h a r a c t e r i s t i c ,  and important  f e a t u r e s  

of any o b j e c t  even though they  may seem "obvious." 

3. Use s p e c i f i c  names o r  terms whenever p o s s i b l e ,  because they  

a r e  more e f f i c i e n t  and in format ive  than  g e n e r a l  terms. 

4. Transmit  s h o r t  segments of d e s c r i p t i o n  ( a  few s e n t e n c e s  a t  a 

t ime).  Th i s  makes r e c o r d i n g  e a s i e r  and reduces  l o s s  of in-  

format  ion  due t o  poor communicat ion.  

The i l l u s t r a t i v e  d e s c r i p t i o n  of l u n a r  geology g iven  below 

e x e m p l i f i e s  many of t h e s e  p r i n c i p l e s .  Note t h a t  photography 

l a r g e l y  e l i m i n a t e s  t h e  need t o  d i s c u s s  "Geometrical p r o p e r t i e s .  " 
S t a t i o n .  Coordinates :  Hote l  3 ,  10.4. Check? 

This  i s  t h e  planned s t o p  a t  t h e  f r e s h - l o o k i n g  

blocky c r a t e r  j u s t  n o r t h e a s t  of t h e s e  coord ina tes .  

I ' l l  b r i e f l y  d e s c r i b e ,  photograph, and sample a  t y p i -  

c a l  b lock  h e r e ,  and d e s c r i b e  and photograph exposures  

i n  the  c r a t e r  w a l l  a s  planned. Check? The e j e c t a  

from the  c r a t e r  can be d i v i d e d  i n t o  two types:  sand- 

s i z e d ,  incoheren t  m a t e r i a l s ,  and blocks .  The b locks  

cover  about  f o u r - z e r o  p e r c e n t  of t h e  s u r f a c e ,  I ' l l  

say  no more abou t  ithe sand-sized ejecka,  I've 



sampled them a.s sample four - seven ,  Check? 1"11 de- 

s c r i b e  n e x t  t h e  t y p i c a l  rock fragment I j u s t  mentioned, 

l t q s  roughly c u b i c a l ,  abou t  t h r e e  f e e t  on a  s i d e .  I ' v e  

j u s t  taken a  s t e r e o  p a i r  w i t h  t h e  rock fragment i n  t h e  

r i g h t  foreground and a c lose -up  photo w i t h  t h e  fragment 

i n  t h e  c e n t e r  foreground. These photos  should show 

t h a t  t h e  fragment is  p a r t l y  embedded i n  f  ine -gra ined  

m a t e r i a l  i n  a  sha l low,  e l o n g a t e  c r a t e r .  Th i s  is  a lmos t  

c e r t a i n l y  a secondary c r a t e r ,  and t h e  b lock  l ies i n  t h e  

end of t h e  secondary c r a t e r  t h a t ' s  f a r t h e s t  from t h e  

p a r e n t  c r a t e r .  Check? 

The rocks  looks l i k e  a  fragment of a f low lava.  

It is  v e r y  d a r k  g r a y ,  a l t h o u g h  t h e  top  s u r f a c e  i s  a  

somewhat l i g h t e r  g ray  and is somewhat p i t t e d  and porous ,  

s u g g e s t i n g  a l t e r a t i o n .  Check? This  is a v e r y  c o h e r e n t  

rock. I t ' s  moderate ly  hard t o  c h i p  w i t h  t h e  c h i s e l .  

The c lose -up  photo should show t h e  t a b u l a r  shape of 

t h e  rock ,  a s  w e l l  a s  i t s  r e l a t i v e l y  s h a r p  corners .  

Check? The photo w i l l  a l s o  show some l i g h t - c o l o r e d  

s t r e a k s ,  which sugges t  f low banding. I have sampled 

t h e  top- - the  p o s s i b l y  a l t e r e d - - s u r f a c e  of t h f s  b lock  

as sample f o u r - e i g h t ,  and t h e  s i d e s  a s  sample f o u r -  

n ine .  Quest  ions? 

I w i l l  now d e s c r i b e  t h e  c r a t e r  i t s e l f . . .  

S W R Y  AND CONCLUSIONS 

The system f o r  v e r b a l  d e s c r i p t i o n  p resen ted  i n  t h i s  paper 

proposes  two s t e p s  i n  d e s c r i b i n g  a n  o b j e c t :  

1) I d e n t i f y  ( " labe l" )  t h e  p a r t s  of t h e  o b j e c t  u s i n g  t h e i r  

most d i s t i n c t i v e  p r o p e r t i e s ,  and t e l l  how the  p a r t s  a r e  r e -  

l a t e d  t o  one a n o t h e r  ( " f i n e  a s h  l y i n g  on dense  lava") .  Com- 

rnonly i t  w i l l  be necessa ry  t o  break t h e  p a r t s  do-m i n t o  sub- 

p a r t s ,  t h a t  i s ,  t o  cons ider  t h e  o v e r a l l  o b j e c t  a s  a h i e r a r -  

chy of systems and components, 



2) B%seuss  each pa-rt  i n  t u r n ,  f i r s t  i r l e n t i f y i n g  i t  a.nd t h e n  

p r e s e n t i n g  i t s  p r o p e r t i e s ,  u s i n g  f o u r  genera l  c l a s s e s  of 

p r o p e r t i e s  a s  a  guide:  o p t i c a l ,  mechanical ,  g e o m e t r i c ,  and 

s t r u c t u r a l ;  ampl i fy  c o n t a c t  r e l a t i o n s  h e r e  i f  n e c e s s a r y  

("The f i n e  a s h  i s  l i g h t  g r a y  . . .  i t  i s  t o t a l l y  i n c o h e r e n t . . .  

g r a i n s  a r e  f i n e r  than  I can  reso lve . . . un i fo rm--no  o b s e r v a b l e  

s t r a t i f i c a t i o n .  The dense  l ava .  . . ") . 
Many g e o l o g i c  d e s c r i p t i o n s ,  as made i n  t h e  f i e l d ,  a r e  mne- 

monic n o t e s ,  unders tandab le  o n l y  t o  t h e  o b s e r v e r  when he compi les  

h i s  d a t a .  D e s c r i p t i o n s  of t h i s  k ind w i l l  n o t  be  s u i t a b l e  f o r  

l u n a r  g e o l o g i c  work because they  would n o t  be immediately i n t e l -  

l i g i b l e ,  nor  would they  encourage s y s t e m a t i c  and e f f i c i e n t  ga th -  

e r i n g  of  d a t a .  The u s e  of t h e  d e s c r i p t i v e  scheme p r e s e n t e d  h e r e  

should  h e l p  p rov ide  s y s t e m a t i c  and unambiguous v e r b a l  d e s c r i p -  

t i o n s  of  l u n a r  f e a t u r e s ,  b o t h  f o r  immediate a s s i m i l a t i o n  and u s e  

by a  d a t a  c e n t e r  and f o r  p o s t - m i s s i o n  s tudy.  

Though a n a l y z i n g  a n  o b j e c t  i n t o  a  h i e r a r c h i c  a r r a y  of com- 

ponents  is a  n a t u r a l  tendency of t h e  human mind, most r o u t i n e  

s i t u a t i o n s  do n o t  r e q u i r e  a n  e x t e n s i v e  o r  s y s t e m a t i c  a p p l i c a t i o n  

o f  t h e  method. Most peop le  thus  need p r a c t i c e  t o  l e a r n  r o u t i n e  

a p p l i c a t i o n  of t h i s  way of look ing  a t  t h i n g s .  Th i s  p r a c t i c e  

can  be  o b t a i n e d  through d e s c r i p t i o n  of common o b j e c t s .  

S i m i l a r l y ,  t h e  proposed g e n e r a l  c l a s s e s  of p r o p e r t i e s  should  

s e r v e  as adequa te  reminders of  t h e  most important  k inds  of i n f o r -  

mation needed i n  g e o l o g i c  d e s c r i p t i o n ,  b u t  l e a r n i n g  t o  a p p l y  

them r o u t i n e l y  t o  g e o l o g i c  d e s c r i p t i o n s  r e q u i r e s  p r a c t i c e .  
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